Abstract: For the first time, a wafer-scale metal grid UV filter is fabricated by nanoimprint lithography and demonstrates cut-off wavelength of 350nm, peak transmission of 27% at 285nm and rejection ratio of 20dB at visible wavelength.
Introduction
Ultraviolet detectors have a number of important applications in flame detection, covert space-to-space communication, early missile warning and astronomical imaging, just to name a few. In some applications, the detection of UV light requires a good rejection of longer wavelength light such as visible light from the Sun. One way to achieve such kind of "solar-blind" UV detector is to use wide-bandgap semiconductors such as SiC and AlGaN [1] . However, the performance and cost of wide-bandgap photodetectors are still limited by technical challenges in high-quality material growth. Another approach to solar-blind UV detectors is to combine Si-based detectors with a UV-pass filter, such as the Na Wood's filter used in the Wide Field Planetary Camera of Hubble Space Telescope [2] . However, Wood's filter requires deposition of a thin film of alkali metal such as Li or Na, which can bring certain drawbacks including contamination, poor robustness and fixed cut-off wavelength.
The aim of our work is to demonstrate a wafer-scale nanostructured metal grid filter with cut-off wavelength in the UV range. Metal grid filters have been demonstrated in infrared and visible range using electron beam lithography [3, 4] . Their cut-off wavelengths are mainly determined by geometric size of the metal grid thus can be tuned to desired values through lithographic process. Compared with electron beam lithography, nanoimprint lithography (NIL) [5] allows us to fabricate large-area nanoscale patterns at low cost.
Device Fabrication and Characterization
To obtain the metal grid filter, we first fabricated the SiO 2 square grid of 190nm in period and 250nm deep on fused silica substrate to act as the core. The SiO 2 grid fabrication process consisted of pattern transfer by NIL using 190nm pitch two-dimensional hole mold, Cr mask deposition, lift-off and fluorine-based reactive ion etching (RIE). The thickness of the SiO 2 grid was well controlled to be as thin as possible through the Cr mask deposition and finely tuning the RIE recipe. As shown in Fig.1(a) , a 190nm-pitch square SiO 2 grid of 30nm thick and 250nm deep was fabricated. Aluminum was then deposited on the sidewall of the SiO 2 grid at an oblique angle by e-beam evaporation. The deposition angle was chosen to be 40° from normal direction so that the deposited aluminum can cover about 200nm deep on the sidewall without blocking the bottom of the grid opening. Aluminum was deposited 4 times by 90° rotation to have 20nm Al on each sidewall. The SEM picture of the complete metal grid filter is shown in Fig.1(b) . Aluminum is selected as the metal for the UV filter because it is highly conductive and shows low absorption at UV wavelength. A numerical simulation using GD-Calc TM , a commercial code based on rigorous coupled wave analysis (RCWA) algorithm, compares the performances of different metals in the same grid structure as shown in Fig.2(a) .
The transmission of the fabricated filter was characterized from 200nm to 700nm using a UV/visible spectrometer and shown in Fig.2(b) . At normal incidence, a peak transmission efficiency of 27% is observed at 290nm. The transmission drops to a half of the peak at 350nm. For wavelengths longer than 480nm, the transmission efficiency is about 20dB lower than the peak. Compared with numerical simulation, the measured transmission has longer cut-off wavelength and peak wavelength which may be caused by non-uniform Al deposition and thin native oxide layer on the deposited Al surface. We also measured the polarization-dependent transmission at 543nm and 633nm using polarized He-Ne laser at normal incidence. This measurement showed when rotating the filter the transmission varied between 9.1x10 -4 and 2.1x10 -3 at 543nm, which corresponded to rejection ratios of 25dB and 21dB to the 290nm peak transmission of 27%, and between 8x10 -4 and 1.9x10 -3 at 633nm, which corresponded to rejection ratios of 25dB and 21.5dB. The polarization-dependent transmission ratio was about 4dB and can be further reduced by better control on metal deposition process. Fig.2(b) also shows the dependence of transmission on the incident angle. For above half of the peak transmission, the fabricated filter has an acceptance angle of ±25°.
Summary
In conclusion, we demonstrated a wafer-scale aluminum grid filter fabricated on fused silica substrate using nanoimprint lithography and oblique metal deposition. The peak transmission of 27% at 290nm and cut-off wavelength of 350nm was obtained using the fabricated filter. The rejection ratio between UV and visible wavelength was measured to be about 20dB. The cut-off wavelength can be further reduced by shrinking the grid period and the rejection ratio can be enhanced by increasing the depth of deposited aluminum on SiO 2 sidewalls. angles. The inset shows the filter has transmission efficiency larger than half of the peak transmission within ±25° incidence angle.
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